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Finite-time tracking control of the hypersonic vehicle
with input saturation
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Harbin Heilongjiang 150001, China)

Abstract: Researches and analyses are conducted for the finite-time tracking problems of hypersonic vehicle longitu-
dinal model with external disturbances and uncertainty of the model parameters. When external disturbance upper bound
is known, the finite time fast integral sliding mode controller is designed based on the fast integral sliding mode theory.
When external disturbance upper bound is unknown, the auxiliary system is introduced to design the anti-saturation practi-
cal finite time adaptive fast integral sliding mode controller which is combined with a kind of adaptive algorithm with low
pass filter performance and can handle input saturation. Strict proofs are given using the Lyapunov theory for the above
two controllers, which shows that the whole state of the closed-loop system is respectively finite-time stable and practical
finite-time stable. Also the proofs shows that other state variables of the system can tend to steady values in a short transient
process. For different types of reference signal, numerical simulations are presented which further demonstrate that the two
designed controllers have strong effectiveness and robustness.
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Table 1 The parameters of hypersonic aircrafts
and flight environment

Y s igE
&/ kg m  1.378 x 10°
B e/ (kg-m™2) Iy 9.5 x10°
SAH m? S 3352
SERRENZKS m ¢ 24384
HIEREAZ/ m Rg  6.371004 x 10°
SIER/ m® s p 0 3.9802 x 10
=/ m h 33528
B/ (m-sTh) V. 4590.288
KAHEE/ (kg-m™2) p  0.0125368

k2 BRAFNNFRHIIPIE
Table 2 The parameters of hypersonic aircrafts and
flight environment

we BME || #5 Bl

c0.6203 oY 53261 x107°
cl 002576 || Cgy,  —6.79

% 0.0224 Cftq 03015

Oy 000336 || Cfy,  —0.2289

O —0035 || ¢ 0.0292

C%,  0.036617

FE_EIRZE ) e P AT S AR ST,
SR HA R 75 AT AR B — 2P AR AL T RAME R
B Nz (0) =[4590.3, 33528, 0.0334, 0.0334, 0, 0.1802,
01", fEf Had e h, BB HOAHE 1 ST
m=mg(1+Am), I,, = I, (1+ Al,),
S=S(14+AS), c=c(1+Ac)),
Co = Coo (1 4+ Aceo) , p=po (1 +Ap),
|Am| < 0.05, |Alyy| < 0.05, [AS]| < 0.05,
|Ac| < 0.05, |Ap| < 0.05, |Ac.| < 0.05,
Forp: mg, o, So, o, Cens po X RLRIFRRRE, Aji(j =
m, Iy, ¢, Co, p, S)NSEAT T .
NS E M D PR
CL=Cf(1+ Uy +Uy),
Cp =CH(1+Up + Uy),
Cr=Cr (14U +Uy),
Cvy=C (1+ U+ Uy),
H: Cr(i = L, D, T, M) NFF-AE, UMUy 73 3H
TS HA E VE R E #R 2> AN AR By OBy
W~ Ug = —20%, Uy = 20%, Uy = —20%, Upy =
20%F1Uy = 0.2sin(0.1t).
DN BRAIE v I RAT A P SRS A R, B R
AR P AN E 1

Case 1 MMSHAHE Aj = 5% MM
dy(t) = 0.0025sin(0.2t), da(t) = 0.001 sin(0.2t).
Case2 MHRASHAME Aj = 10% FMHMATIE
dy(t) =sin(0.2t), do(t) = 0.1sin(0.2¢).
4.1 PR B o 1 B ) 2% 01 B 43 Hr(The simu-
lation analysis of the adaptive integral sliding
mode controller)

N T IR T T R R AT SR SRR (16)F
R, 2396 UL PR S 2545 5 3047 0 5, JF HAgf
L5 FE AR ANF E M Case 1 FlCase2.

o1 A E T AR RS NV =
4670.3 m/s, AV =80 m/s, ] B = FE 48 & N hg =
35028 m, Ah = 1500 m.

B2 mlE A E TR ERER S NV, =
4670.3 m/s, AV = (80 + 2t) m/s, HIEEEE R4 Nhy
= 35028 m, Ah = (1500 + ¢*) m.

1) 0T BLL, Hes g o 5 1 i) 28 033, I
PrEE R mE 1R,

23 BHELSK ERBHERE

Table 3 The set of the parameters of controllers
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Fig. 1 The response curve of the fast integral sliding mode
controller to the situation 1
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Fig. 2 The response curve of the fast integral sliding mode
controller to the situation 2

B2(a)—(d) il g 1wl 7 R AT AR AR A2 2
FA55 T HEE . S R e RS A
PERIER. X7 A5 R 70, SIEIL1ISRA, H o
Tt DUAN [F) Z AL BEAT 73 #r. A EI2(a)—(b), AT BLF H,
XSG T S S, 25 (16) BefE [FRESE
UG AT A B AR BRI, MIRZEHIZR AT K, 1%
DL2 EEAR L LRATROR — £, B ATS AR BEWS T o R ER P RE
R, E2(c) 515 DU B, 42 1 i N 8 B 38 K,
(HZBUE N ()5, & TRE . B2(d) 5151 H
b, AR R AT A6 B B AR € RS L,
(ELFE RIS [ P i B 2RSS E. B2(e) SR DL LE,
VB RS THD TE 060 B B 4R T R, AL 7E A0 B[] P S
Fan DG S PRSI . W], PR AP0
TR, BT i i SRS B X 58 W A5 5 BN 32 (5
TRHUTHRERER, R HA BRI B
4.2 HURLAN B E R PR 7 T R 880 J b
(The simulation analysis of the anti-saturation
adaptive integral sliding mode controller)

XF LA R RIS (5 S T L A

B A KT RNV, =
46703 m/s, AV =80 m/s, | B 7 48 4 N hg =
35028 m, Ah = 1500 m.

B2 mHE A TR R ERA ANV, =
46703 m/s, AVE 7 B 8, WS m EHR 2 N
hq = 35028 m, Ah = (1500 + ¢?) m.

(100 + 10¢%) m/s, t < 10,
—50 m/s, t > 10.
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AV =

R4 BHBSH BHEHARE
Table 4 The set of the parameters of controllers
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Fig. 3 The response curves of the anti-saturation adaptive

sliding mode controller to the situation 1
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